Formulation of the problem. At all stages of atmospheric sciences development, considerable attention has been paid to the annual cycle of meteorological variables (MVs) which is inherent in the time 
Introduction. Effective use of climatic resources requires integrated consideration of climatic conditions fluctuations stipulated by the processes of heat, water, and atmospheric circulation. Most of them may be repeated in time with certain regularity. Oscillations are quasiperiodic in case of continuous changes of its amplitudes and periods. However, fluctuations with a clear periodic nature are more interesting. Daily and annual cycles play especially important role in nature. Data on fluctuations of both types is an integral part of an area's climatological characteristic.
Formulation of the problem. At all stages of atmospheric sciences development, considerable attention has been paid to the annual cycle of meteorological variables (MVs) which is inherent in the time series of these sciences. Similarly to a daily cycle, it is generated by the Earth's climatic system influenced by periodic fluctuations in solar radiation supply to the upper atmosphere. Annual fluctuations of some MVs (atmospheric pressure, in the first place) may be triggered by gravitational interaction between the Earth and the Sun, however, they are of secondary importance.
Annual cycle analysis is usually based on contrasting long-term average seasonal (or monthly) values of variables or their anomalies. Obtaining the whole complex of data has traditionally completed the annual cycle analysis, which does not always meet practical needs. That is why in search of more accurate and informative annual cycle indicators some special research methods have been commonly applied lately, with the method of harmonic analysis as one of them. It is interesting that works on its use in meteorology date back as far as the end of the 19 th century [1] .
Analysis of recent research and publications. In some works, only the annual harmonic conditioned by the Earth's rotation around the Sun was considered a basic component of the annual cycle of MVs. In particular, sinusoidal approximation of the annual cycle was used to estimate long-term changes in average daily air temperature in the territory of Russia and the countries it borders on [31] . In other works, the semiannual harmonic was considered in addition to the annual harmonic, with the focus on the former one [5, 9, 16, 22, 30] . In general, seasonal fluctuations of MVs are more correctly described by the first harmonics which complement each other, not by one harmonic [3, 4, 12, 14] .
The importance and universality of the annual cycle as a natural periodical process cannot be questioned. Thus, in extratropical latitudes of the Northern hemisphere it normally determines over 90% of the total variance of the air temperature series [10] , which makes it a major climatic signal. Spatial distribution of the contribution the annual cycle makes to the total variance of this variable and some other variables for a considerable part of the World Ocean is shown in [12] . In [13] not only spatial distribution of the annual harmonic characteristics for air temperature over the whole of Europe but also their relation to North Atlantic Oscillation was shown.
A comparative characteristic of seasonal fluctuations of various MVs for a limited number of stations in Ukraine is given in [18] . Then, the annual cycle of these variables was found to be noticeably different, conditioned by the heterogeneity of the underlying surface construction which varies from region to region. Along with that, the issue of similarity or difference of the climatic conditions of these variables in the territory of some particular mountainous country remains unresolved. The author did not consider this question in subsequent papers [17, [19] [20] , devoted to the identification of hidden periodicities of MVs seasonal oscillations in certain regions of the East European Plain.
Further on, we consider the climatic conditions of the Ukrainian Carpathians -a separate link of a huge (about 1,500 km long) arc of the Carpathian Mountains located in Ukraine. Mountain ridges, divided by longitudinal depressions and demarcated by deep transverse valleys, stretch for 280 km from northwest to southeast, and 100-110 km from northeast to southwest. The area of the mountain system is about 24,000 sq km, and together with the Ciscarpathian Upland and Transcarpathian Lowland -37,000 sq km. The Ukrainian Carpathians are mainly the mountains of medium elevation, with the highest points of 1,000-1,200 m. The height of six peaks in a mountain range of Chornohora exceeds 2,000 m, with Mount Hoverla (2,061 m) being the highest peak of Ukraine. However, since they do not reach the snow line, there are no evident traces of young glaciation. The nature of the region is very similar to that of Western Europe's. The climate in the Ukrainian Carpathians is humid and comparatively warm with the pronounced vertical zonation [29] .
Despite their territorial compactness, the Ukrainian Carpathians as a separate taxonomic unit of physical and geographical zoning of the Carpathian mountainous country are determined by a considerable variety of radiation and circulation conditions stipulating climate formation. On the whole, the climate of the Carpathians can be considered well-studied, which is proven by many monographs dedicated to it [15, 24, 27] . At the same time, amplitude-phase characteristics of even basic MVs of this area have hardly ever been explored.
Purpose of the article. The main aim of this work is to establish a consistent pattern of the annual cycle of several MVs on the territory of Ukrainian Carpathians by means of harmonic analysis. Special attention was paid to spatial arrangement of annual cycle peculiarities.
Data and methods. This research is based on the average monthly values (climatological normals) of seven MVs in the Ukrainian Carpathians within a standard climatological period of . This observation-based data have been provided by 22 weather stations located in the considered region (Fig. 1, red marks) . Moreover, the data of another 11 neighboring stations were used in the construction of maps (Fig. 1, white marks) . The basic results have been obtained with the harmonic analysis method applied to the average monthly values of such MVs as air temperature, some characteristics of air humidity, monthly sums of precipitations, wind speed, and station level pressure. The last variable has been opted for due to the completeness of data (data on sea level Mathematically, the annual cycle can be interpreted as a complex (polyharmonic) fluctuation of an MV during a year, with its general features described by the first (fundamental) harmonic that will be completed by fluctuations caused by the second and higher order harmonics. The last harmonics can be viewed as the overtones of the annual cycle since their frequencies are a multiple of the fundamental frequency.
Implicit frequency in seasonal fluctuations of MV monthly values were revealed and estimated with the use of harmonic analysis method, whose classical scheme implies that any value can be presented as an arithmetical mean and a finite amount of harmonics [7, 11, 23] : 
For the last (
The amplitude of a harmonic is its important characteristic
Periodic fluctuations of MV, conditioned by a particular harmonic, were presented as the product
where ( ) [23] .
The theory of harmonic analysis shows that the variance due to a single harmonic is 2 2 / C i , except for the last harmonic for which its value is twice as big. Thus, the contribution a single harmonic makes to the total variance of MV can be found by the formula 100 2
where 2  is the total variance. For the last harmonic
Spatial localization of some features of climatic conditions was evaluated with the use of regression analysis.
Presentation of the main research material. The use of standard climate indicators has methodologically limited this work to covering a small subrange of climatic conditions fluctuations, with the period varying from 2 to 12 months. Fluctuations with the period longer than 12 months as well as fluctuations of a synoptic scale were not covered by the study. At the same time, this made it possible to obtain amplitude-phase characteristics of the annual harmonic along with five more reference harmonics with multiple frequencies.
In a study with the use of harmonic analysis, a special attention is paid to the amplitude of the most significant harmonics. However, amplitude characteristics of particular harmonics for different MVs will vary not only in the order of their values but also in their dimensions. Thus, when cross analyzing and comparing the revealed frequencies of these values indicator i f should be used (Table 1 ).
According to Table 1 , the first, or fundamental, harmonics play the leading role in seasonal fluctuations of all variables (the average value % 50 1  f ). A physical nature of these fluctuations has already been considered. It is evident and doesn't need any additional explaining. Generally, in 79 cases out of 142 it is the annual harmonics that determine more than 90% of the total variance. Their contribution to fluctuations of air temperature (99.4%), saturation deficit (98.8%), and water vapour pressure (98.6%) can hardly be overestimated. The total contribution of higher harmonics at all weather stations located in the Ukrainian Carpathians is below 1% for air temperature, with only 1-2% for water vapour pressure and 0.4-4.5% for saturation deficit. In these cases, higher harmonics can be considered insignificant (with
taken as a criterion of significance). Thus, all of them can be disregarded.
The annual harmonic contributes considerably to seasonal fluctuations of wind speed (53-96%) and station level pressure (69-93%). It is only at one alpine weather station (Pozhezhevska, 1,451m above the sea level) that this harmonic does not contribute significantly to relative humidity seasonal fluctuations (9.6%), following the four higher order harmonics. In case of sum of precipitations, the number of such exceptions has grown to five, with three low weather stations (Khust -7.7%, Uzhhorod -38.4%, Berehove -48.1%) having joined two mountain stations (Plai, 1,330m -42.7%, Rakhiv, 430m -41.2%). It is interesting that here the role of the annual harmonic weakened on the background of a considerable strengthening of the semiannual harmonic (Plai -54.2%, Rakhiv -51.5%, Khust -75.2%, Uzhhorod -56.7%, Berehove -46.0%). Geographically, the fact that these weather stations are located within the Transcarpathian Lowland and on the slopes exposed to the winds unites them.
As we know, the semiannual harmonic is most appropriate to describe the annual cycle of MVs with two maximum and two minimum values. A similar cycle is typical of the seasonal distribution of the above-mentioned MVs -sum of precipitations ( At four out of ten weather stations it can reach the mark of 5-6%. It can be assumed that such differences in this indicator distribution are influenced by factors of varying scale. Fluctuations of a planetary scale are triggered by the mode of solar radiation supply as well as meridional circulation between summer and winter hemispheres of the Earth [22] . The fluctuations of MVs modulated by them should also be considerable, which is conditioned by thermobaric interactions in the system atmosphere -ocean -dry land in the Atlantic European sector. Finally, being influenced by local peculiarities of underlying surface (orographic factor) fluctuations with less spatial distinction can be generated.
The third harmonic (with a period of 4 months) in a series of geophysical variables may be caused by changes in atmospheric circulation in intra-tropic latitudes resulting from the yearly motion of the Sun [28] . This signal spreads to other parts of a climatic system via numerous mechanisms of direct and inverse links.
A global nature of 4-month cycles is to be determined, in the first place, in atmospheric pressure fluctuations, which can be seen from data provided, since a relevant harmonic makes a significant contribution to station level pressure annual cycle (10.5%). However, a more in-depth analysis reveals the importance of the absolute altitude. It was found that the third harmonic can be disregarded when evaluating atmospheric pressure fluctuations at alpine weather stations (Plai and Pozhezhevska), though at other stations this variable causes rather noticeable disturbance in the annual cycle of this variable. In Kolomyia, the contribution the third harmonic makes reaches 16.2% of the total variance. Moreover, the third harmonic determines considerable fluctuations of some other MVs: wind speed (this variable makes major contribution at six weather stations), sum of precipitations and relative humidity (three stations each).
Harmonics of still higher orders are usually very weak. The reasoning behind physical cause of these fluctuations lies far beyond this work and can arouse more discussion. The grounded analysis of some of them can be found in [21] .
The fourth harmonic (with a period of 3 months) can be noticed only in seasonal fluctuations of relative humidity (8 weather stations) and sum of precipitations (2 stations). The fifth harmonic (with a period of 2.4 months) gains importance in the fluctuations of atmospheric pressure (6 weather stations), relative humidity (only for mountain weather stations: Pozhezhevska -11.2%, Plai -6.8%), and wind speed (Slavske -5.2%). The sixth harmonic (with a period of 2 months) can be disregarded in all cases.
Data given in Table 1 support the idea that with the higher order of harmonic the variance caused by this harmonic diminishes [18] . A considerable contribution (5% and more) to the total variance of the annual cycle of MVs of several higher order harmonics becomes possible with dramatic decrease in value of the annual harmonic.
Distribution of i f values is similar at individual weather stations in the Ukrainian Carpathians. The ratio of arithmetical mean and standard deviation by station sampling proves it right for more than one first harmonics to be considered in statistical models of the annual cycle of MVs. Data on the distribution of such indicator as amplitude ratio between semiannual and annual harmonics for different MVs is given in Table 2 . Table 2 shows that in case of MVs for which an- nual harmonic is of prior importance, this ratio is low, characterized by slight variations according to the data provided by stations. Thus, for saturation deficit and air temperature the amplitude of the semiannual harmonic does not exceed 8-9% in relation to the annual harmonic amplitude, while for water vapour pressure it constitutes 14%. At the same time, for relative humidity and especially for sum of precipitations the amplitude of the semiannual harmonic can sometimes exceed the amplitude of the fundamental harmonic.
Since in most cases it is the first harmonic that determines most of the total variance of MVs, the maximum and the minimum values of its cycle during a year can be found by the phase value of this harmonic. In this sense, the graphs of water vapour pressure (Fig. 2) and relative humidity annual cycles (Fig. 3) are most demonstrative.
Thus, at Plai weather station the maximum value of water vapour pressure can be observed in late July ( 26 . 7 1 = t month), while the maximum value of relative humidity -in the first half of December (11.68 month). For other weather stations in the Ukrainian Carpathians, the maximum value of water vapour pressure almost coincides in time with that at Plai station (7.17÷7.26 month). Time discrepancy in reaching the maximum value of relative humidity is far more considerable (9.71÷12.19 month).
In addition to the actual seasonal cycle of humidity elements, relevant graphs also show their model estimates obtained with the first harmonic, the first two harmonics and the first three harmonics taken into account. It is the first harmonic amplitude that best agrees with the annual cycle amplitude of a corresponding variable. With higher order harmonics taken into account, model estimates become more ac- curate. This is more evident for relative humidity, since it is only with these variables taken into account that the model can display the minimum value in early May as well as some other peculiarities. Figure 3 shows that for a more accurate representation of peculiarities of the relative humidity annual cycle, the number of approximating harmonics should be increased (the fourth and the fifth harmonics at Plai weather station describe 5.9 and 6.8% of the total variance respectively). At the same time, in case of water vapour pressure, though, consideration of the first two harmonics -annual and semiannual -will suffice.
Normally, the maximum of the first order harmonic for meteorological variables that are directly interdependent occurs at the same time, while for those that are inversely interdependent there is a six month gap. Thus, at Plai weather station we can observe air temperature change ( 15 . 7 1 = t month) in an almost synchronized manner along with water vapour pressure (7.26 month), saturation deficit (6.84 month) and sum of precipitations (7.23 month) associated with it. With a slight delay, the temperature itself follows seasonal changes in solar radiation (or, in the first approach, midday altitude of the Sun, with the phase angle being 6.23 months) as a determining factor of climate formation.
It is almost in antiphase that air temperature ( 15 . 7 1 = t month), relative humidity (11.68 month), station level pressure (8.15 month), and wind speed (0.69 month) change. However, the cycle of atmospheric pressure (8.15 months) as well as sum of precipitations (7.23 months respectively) does not reveal the expected dependence. The disagreement in fluctuations of these variables can be explained by some peculiarities of a seasonal restructuring of thermobaric field in the whole of Atlantic European sector of the Northern hemisphere. It should be noted that data on the sea level pressure for Plai station is not available, while at other weather stations with a lower hypsometric position the phase of this MV was observed to be late related to station level pressure with the delay difference typically being not longer than 1 month.
It is general knowledge that the phase delay of the air temperature annual harmonic with relation to solar radiation indicates a weakened effect of large land masses [6, 8] , and that the mountain climate has a lot in common with maritime climate [2, 26] . Given this fact, let us try to estimate the effect of Ukrainian Carpathians on the phase structure of seasonal fluctuations of individual MVs.
It was found that with an increase in altitude, the maximum of the first harmonic for a number of interrelated variables occurs with some delay (Fig. 4) . Phase delay (angle of slope for trend lines in Fig. 4) is bigger for saturation deficit (0.030 month/100m), moderate for air temperature (0.014 month/100m) and weaker for water vapour pressure (0.004 month/100m). The above-mentioned delay values turned out to be statistically significant being at the 5% significance level. Determination coefficients Time distribution for the maximum of the first harmonic to be reached in the Carpathian highlands differs significantly from that for the Transcarpathian Lowland and the adjacent areas of the East European Plain (Fig. 5) .
The feature that is common for MVs, shown in the picture, is the total length of contour lines of the same phase values of this harmonic, going from northwest to southeast as well as a considerable concentration of contour lines in mountains, but the margins of this variable differing a lot. For sum of precipitations, maximum delay in the first harmonic phase is observed from the leeward side of the southwest slopes of the Ukrainian Carpathians as well as on the approach to the highest ridges of this mountain system (Fig. 5, (b) ). Moving deep into the territory of Ukraine, the value of this harmonic phase goes down again. For other MVs, the area of maximum delay in the first harmonic phase is strictly localized over the highest areas of the Ukrainian Carpathians.
Thus, it is not only general climatic conditions that get milder in the Ukrainian Carpathians [15, 24, 25, 27] , but also some specific orographically deter- Conclusions. From the provided materials, we can see that in order to characterize polyharmonic structure of different MVs annual cycle, the value of a relative contribution that harmonic makes to the total variance of seasonal fluctuations (indicator i f ) proved to be most convenient. It was found that in the Ukrainian Carpathians a major contribution to fluctuations of different MVs is made by the annual and semiannual harmonics. Their aggregate contribution to the total variance of the whole complex of the climate regime parameters exceeds 94%.
Most seasonal fluctuations are determined by the fundamental harmonic. In case of air temperature, saturation deficit and water vapour pressure, its contribution exceeds 98%. For some more variables, its contribution makes as much as 80% and more. It was also found that the contribution the annual harmonic makes to the total variance of the seasonal cycle of some water circulation indicators (relative humidity and especially sum of precipitations) weakens in the territory of the Transcarpathian Lowland and the windward southwest macroslope of the Ukrainian Carpathians.
Semiannual harmonic gains prior importance only for sum of precipitations seasonal cycle (27.5%). It also makes a noticeable contribution to the annual cycle of relative humidity, wind speed, and to a somewhat lesser extent to station level pressure, with indicators The third harmonic is of prior significance in atmospheric pressure fluctuations. However, its importance varies for weather stations of different hypsometrical position likely reflects the overall weakening of the effect the underlying surface produces on the atmosphere with change in altitude.
In the fluctuations of some MVs higher order harmonics have also been found, though only in some cases they determine over 5% of the total variance. It was shown that the last harmonic (with a period of 2 months) does not play any significant role at all.
The Ukrainian Carpathians possess some specific features of a mountain climate, with one of them being a regular change of maximum occurring for a number of MVs with change in altitude. The revealed climatic effects of delayed or early annual harmonic phase with relation to change in altitude are to be supported by research into the climate of other mountainous countries.
These materials indicate that it is essential for a number of harmonics to be taken into consideration when representing climatological features of MVs with a weakened annual cycle. 
DECOMPOSITION AND MODELLING OF THE ANNUAL CYCLE OF METEOROLOGICAL VARIABLES IN THE UKRAINIAN CARPATHIANS
Formulation of the problem. In this paper we consider some structural peculiarities of the seasonal cycle of a number of meteorological variables (air temperature, sum of precipitations, saturation deficit, relative humidity, water vapour pressure, station level and sea level pressure, wind speed) in the Ukrainian Carpathians, with the annual cycle being interpreted as a superposition of six harmonics with the period ranging from 2 months to 1 year.
Data and methods. This research is based on the average monthly values of seven meteorological variables in the Ukrainian Carpathians within a standard climatological period of . Implicit frequencies in seasonal fluctuations were revealed and evaluated with the help of harmonic analysis method.
Presentation of the main research material. A particular emphasis has been laid on the parameters of the first (annual) and second (semiannual) harmonics. It was found out that, on average, the annual harmonic explains some 87% of the total variance of the variables, while the semiannual harmonic accounts for more than 7%. It is shown that when considering seasonal fluctuations of air temperature, saturation deficit and water vapour pressure annual harmonic will suffice. Analyzing fluctuations of other meteorological variables requires a semiannual harmonic to be taken into account. Higher order harmonics (from third to fifth) are to be taken into consideration when analyzing relative humidity, sum of precipitations, station level pressure, and wind speed. The last harmonic (with a period of 2 months) does not play any significant role at all.
It was found out that the seasonal cycle structure of these meteorological variables at mountain weather stations and at foothill ones differ noticeably. For some meteorological variables, namely saturation deficit, air temperature, water vapour pressure and atmospheric pressure, orographic effects that manifest in either delayed or early phase of the annual cycle with relation to altitude, have proved to be statistically significant. Phases of this harmonic are typical of meteorological variables that are directly interdependent, while variables that are inversely interdependent normally fluctuate in antiphase.
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